Objectives Many epidemiological studies have demonstrated that body mass index (BMI) is associated with the risk of developing age-related cataracts. These reports have suggested that high and low BMIs can affect the onset or progression of age-related visual impairment. However, few prospective studies have examined this relationship in a general Asian population. Therefore, in this study, we investigated whether BMI was associated with an increased risk of age-related cataracts by performing a 5-year prospective population-based study in a middle-aged Japanese population. Methods This 5-year population-based study included 35,365 men and 40,825 women (aged 45-74 years), who were recruited into the Japan Public Health Center (JPHC)-based Prospective Study and had not reported cataracts in a baseline survey. The self-reported diagnosis of age-related cataracts was used in the analysis of this study. Results At follow up, 1,004 men (2.84%) and 1,807 women (4.43%) reported new diagnoses of age-related cataracts. The multivariate odds ratios (ORs) for those in the lowest and the highest BMI categories, compared with a BMI category of 21.0-22.9 as a reference point (OR, 1.00), were 1.29 [95% confidence interval (CI) 0.93-1.79] and 1.15 (95% CI 0.96-1.39) in men, and 1.23 (95% CI 0.97-1.55) and 1.19 (95% CI 1.04-1.36) in women. Conclusions Previous studies have suggested high BMI as a risk factor of age-related cataracts for Caucasian populations in developed countries while low BMI for populations living in developing countries. In contrast to those studies, the present large-cohort study showed a U-shaped association between BMI and the incidence of cataracts in Japanese men and women.
Introduction
Age-related cataract is a common eye disease, which is characterized by lens opacities and visual impairment due to the oxidation of lens proteins and degenerative changes to the lens caused by aging [1] . Cataract is a leading cause of blindness throughout the world [2] [3] [4] [5] [6] . The social influences of age-related cataracts are closely related to a deterioration in quality of life among the elderly. Cataract extractions, which are effective treatments for cataracts, can provide not only improvement of visual acuity but also social benefits for the patients. However, the medical care costs for cataract operations are not cheap and are a considerable drain on medical expenditure. Successful prevention of age-related cataracts is therefore thought to be important, as it could potentially lead to remarkable reductions in national medical care costs due to a decreased need for surgery [5] , as well as the preservation of visual acuity for many people.
Several cohort studies have investigated various risk factors for age-related cataracts and have suggested that high and low body mass indexes (BMIs) are associated with increased risks of cataract occurrence in Western developed countries [7] [8] [9] [10] and developing countries [11] , respectively. However, few prospective studies have examined this relationship in a general Asian population. Although age-related cataracts are a serious problem in Japan, where the aging population is growing rapidly, a valid cohort study has not yet been performed in this country. Thus, in the present research, as a basic approach for determining the etiology of age-related cataracts, a 5-year prospective population-based study was conducted, based on the data of a cohort of 76,190 Japanese residents collected for the Japan Public Health Center (JPHC) study, in order to clarify the relationship of age-related cataracts to BMI.
Subjects and methods

Study cohort
The JPHC study is a multipurpose longitudinal cohort study of the Japanese population, which aims to investigate cancer, cardiovascular diseases, and other lifestyle-related disorders, and to obtain scientific evidence supporting effective preventive strategies for such diseases. The cohort has been divided into two groups: Cohort I, which started recruitment in 1990; and Cohort II, which started recruitment in 1993. Cohort I was composed of 54,498 residents (aged 40-59 years at baseline) with registered addresses in 14 administrative districts, who were supervised by four public health center (PHC) areas on January 1, 1990: 12,291 were from the city of Ninohe and the town of Karumai in the Ninohe PHC (Iwate Prefecture); 15,782 were from the city of Yokote and the town of Omonogawa in the Yokote PHC (Akita Prefecture); 12,219 were from eight locations (the towns of Usuda, Saku, and Koumi, and the villages of Kawakami, Minamimaki, Minami-aiki, Kita-aiki, and Yachiho) in the Minami-Saku District in the Saku PHC (Nagano Prefecture); and 14,206 were from the city of Gushikawa and the village of Onna in the Ishikawa PHC (Okinawa Prefecture). Cohort II was composed of 62,398 residents (aged 40-69 years at baseline) with registered addresses in 13 administrative districts, who were supervised by five PHC areas on January 1, 1993: 21,488 were from the town of Tomobe and Iwase in the Mito PHC (Ibaraki Prefecture); 3,571 were from the town of Oguni in the Kashiwazaki PHC (Niigata Prefecture); 8,606 were from the towns of Noichi and Kagami in the Chuo-higashi PHC (Kochi Prefecture); 14,624 were from the towns of Uku, Ojika, Shin-uonome, Arikawa, Kamigoto, and Narao in the Kamigoto PHC (Nagasaki Prefecture); and 14,109 were from the city of Hirara and town of Gusukube in the Miyako PHC (Okinawa Prefecture). Other criteria for selecting the areas and the subjects, along with the methods of data collection and the geographic profiles of the four PHC areas for Cohort I and the five PHC areas for Cohort II, have been reported previously [12] .
Study participants
In 1990 for Cohort I and in 1993 for Cohort II, a baseline self-administered questionnaire concerning demographic characteristics, medical history, lifestyle, and diet was distributed to everyone in each cohorts, and, in addition, blood samples and anthropological data were collected. In total, 43,140 individuals for Cohort I and 52,233 individuals for Cohort II completed and returned the questionnaires, giving response rates of 79 and 84%, respectively.
Second and third follow-up questionnaires were sent to each participant in 1995 and 2000 for Cohort I, and in 1998 and 2003 for Cohort II, respectively. Blood samples and anthropological data were also collected in the second follow-up survey. The second follow-up questionnaires were completed and returned by 42,174 individuals for Cohort I and 50,697 individuals for Cohort II (response rates of 77 and 81%), and 37,076 individuals (68%) for Cohort I and 43,831 (70%) for Cohort II also completed and returned the third follow-up questionnaires. To investigate whether age-related cataracts had occurred between the baseline and the times of the second and third surveys, we ascertained whether participants had been diagnosed with age-related cataracts, using the following question in the second and third follow-up questionnaires: ''Has a doctor ever told you that you had cataracts?'' As a result, a total of 2,455 participants (1,072 for Cohort I and 1,383 for Cohort II) reported that cataracts had been initially diagnosed during the first 5 years of the follow-up period. A more detailed questionnaire was then developed to investigate the history and dates of the cataract diagnoses, and the possible causes of the cataracts. In order to assess the accuracy of the answers to the questionnaire with a validation study [13] , comparisons with medical records were reviewed at clinics or hospitals for 97 of the 1,072 cases in Cohort I, which were randomly selected from the 14 administrative districts of the Ninohe, Yokote, Saku, and Ishikawa PHC areas from 1998 and 1999. Of the 70 subjects who gave permission for us to review their medical records, we were able to review the records of 53 and compare them with their self-reported questionnaires. As a result, the diagnoses of age-related cataracts were confirmed in a total of 49 of the 53 self-reporters (92.5%) [13] . This high positive-predictive value suggested that case definition from the self-reported data should be considered appropriate for use in the present study.
To estimate the incidence of age-related cataracts during the 5-year period between the second and the third surveys (from 1995 to 2000 for Cohort I and from 1998 to 2003 for Cohort II), and to investigate the relationship between BMI and the risk of age-related cataracts, we excluded 2,455 individuals who reported a history of cataract diagnosis in the second follow-up questionnaire survey. Individuals for whom data were missing for any of the possible confounding factors described below were also excluded. After these exclusions, a total of 76,190 individuals (35,365 men and 40,825 women) were enrolled in this study.
This study was conducted in accordance with the Declaration of Helsinki of the World Medical Association and was approved by the Human Ethics Review Committees of the National Cancer Center of Japan.
Statistical analysis
All analyses were performed separately for men and women. An age-related cataract case was defined as a person who had been informed by an ophthalmologist that the cause of the cataract was aging. The cohort study was then conducted using an endpoint, self-reported diagnosis of age-related cataract, during the follow-up period. BMI was calculated as body weight (kg) divided by height (m) squared for each participant and grouped into five categories ('\19', '19.0-20.9', '21.0-22.9', '23.0-24.9', and 'C25'). Multiple logistic-regression analyses were used to obtain the odds ratios (ORs). These were adjusted for age and the following potential confounding factors: a history of hypertension (yes or no) and diabetes (yes or no); weekly alcohol intake (g/week) using three levels of consumption in men (ALC_0 = nondrinkers and infrequent or occasional drinkers; ALC_1 = 1-299 g/week; ALC_2 = C300 g/week) and in women (ALC_0 = nondrinkers and infrequent or occasional drinkers; ALC_1 = 1-59 g/week; ALC_2 = C60 g/week); cigarette smoking, using three levels (nonsmokers who had never smoked, current smokers, and ex-smokers); and the PHC area. The 95% confidence interval (CI) for each OR was calculated. The trend across increasing BMI categories was analyzed using the extended Mantel-Haenszel method. All statistical analyses were carried out using the SAS statistical software package, version 8.2 (SAS Institute, Cary, NC, USA) [14] . Table 1 shows the incidence of age-related cataracts in the JPHC cohort by gender. In the 5-year follow up, there were 1,004 new diagnoses of cataracts among the men (2.84%) and 1,807 (4.43%) among the women.
Results
When the baseline characteristics of the cohort were categorized according to BMI (Table 2 ), a higher BMI was found to be associated with a lower age in men. The percentage of male current smokers was also inversely associated with a higher BMI. By contrast, the percentages of male nonsmokers and ex-smokers were positively associated with a higher BMI. In both sexes, the percentages of those with a history of hypertension and diabetes were positively associated with a higher BMI. Table 3 shows the age-adjusted and multivariate ORs, with 95% CIs, for cataracts according to BMI. The results demonstrated a U-shaped association between BMI and the incidence of cataracts in both sexes. Ageadjusted ORs for those in the lowest and the highest BMI categories, compared with those in a BMI category of 21.0-22.9, were 1.13 (95% CI 0.82-1.55) and 1.30 (95% CI 1.09-1.54) in men, and 1.51 (95% CI 1.21-1.89) and 1.61 (95% CI 1.42-1.83) in women. These associations remained after adjustment for age, history of hypertension and diabetes, weekly alcohol intake, cigarette smoking, and PHC area. The multivariate ORs for those in the lowest and the highest BMI categories, compared with those in a BMI category of 21.0-22.9, were 1.29 (95% CI 0.93-1.79) and 1.15 (95% CI 0.96-1.39) in men, and 1.23 (95% CI 0.97-1.55) and 1.19 (95% CI 1.04-1.36) in women. 
Discussion
Previous cohort [7] [8] [9] [10] and cross-sectional studies [15] , the Physician's Health Study [7, 9] , the Framingham Study [8] , the Nurses' Health Study [15] , and a prospective cohort study from the Nurses' Health Study and the Health Professionals Follow-up Study [10] have observed a higher risk of developing cataracts in people with a high OR odds ratio, CI confidence intervals a Multivariate model adjusted for age, history of hypertension and diabetes (yes or no), alcohol intake (g/week ethanol, ALC_0: nondrinkers and infrequent occasional drinkers, ALC_1: 1-299 g/week in men and 1-59 g/week in women, ALC_2: C300 g/week in men and C60 g/week in women), cigarette smoking (nonsmokers, current smokers, and ex-smokers), and PHC area BMI. On the contrary, in developing countries, the Lens Opacities Case-Control Study [16] , the Tanjong Pager Survey [17] , and the study carried out by Minassian et al. [11] found a lower BMI to be associated with increased risk of cataract occurrence. As lens opacities arise from the modification of lens proteins, in Western developed countries, which tend to have a much higher proportion of individuals with high BMI, uncontrolled glucose intake might induce cataracts by the occurrence of subclinical or clinical diabetes among the obese [15, 17] . Conversely, in individuals with a low BMI living in developing countries, malnutrition or inadequate intake of the nutrients essential to preserve lens clarity might lead to an increased risk of cataracts. Several reports [11, [18] [19] [20] have indicated a strong association of lower socioeconomic status, prevalence of diarrhea, or nutritional deficits with risk of cataracts. However, from the results of the present largecohort study, we confirmed a U-shaped association between BMI and the risk of age-related cataracts in Japanese men and women within the range of body mass usually observed.
The endpoint of the present study, the self-reported diagnosis of age-related cataract ascertained from the questionnaires, showed consecutive increases in cataract incidence with high and low BMI categories in both sexes. It is suggested that younger persons usually do not expect to have cataracts, while this expectation grows with age. After adjustment for age and multiple potential confounding factors, age-adjusted ORs, as well as multivariate ORs, were also positively associated with high and low BMI categories in both sexes. We were confident that ascertaining the occurrence of age-related cataracts from selfreporting questionnaires in this study was reliable, as we had previously carried out a study to validate this method in 1998 and 1999 [13] . The positive-predictive value for the diagnoses of age-related cataracts confirmed by medical records review was 92.5%. This high positive-predictive value suggested that case definition from self-reporting questionnaires was reliable. However, there was at least one major limitation in this validation study: we were unable to evaluate the negative-predictive value of individuals who had not reported a past history of a diagnosis or extraction of cataracts.
Our study showed that the incidence of age-related cataracts was higher in women than in men. This finding is in agreement with other epidemiological studies [21] ; however, an important drawback of our study is that the case definition was dependent on a self-reporting questionnaire. Underestimates of the number of cases might have occurred due to a few false-negative cases with the following origins: asymptomatic individuals who had not visited an eye clinic; individuals with undiagnosed cataract with visual impairment who had not visited an eye clinic; and diagnosed individuals who had not reported a history of the diagnoses. These sources of detection bias might have led to an underestimation of the overall incidence of age-related cataracts. Further analyses from longer follow-up studies will be required to obtain reliable evidence of the impact of BMI on the risk of age-related cataracts.
Age-related cataracts can be classified as cortical, nuclear, and posterior subcapsular (PSC) based on the opacity site. The site-specific incidences of cataracts have been assessed and analyzed in a number of recent prospective cohort [8, 10] and cross-sectional studies [15, 17, 18, 22] . The Framingham Study [8] , a prospective cohort study from the Nurses' Health Study and the Health Professionals Follow-up Study [10] , and the Nurses' Health Study [15] have observed a higher risk of developing cortical [8] , PSC [8, 10, 15] , and overall cataracts [10] in people with a higher BMI. On the contrary, the Tanjong Pager Survey [17] observed a higher risk of developing cortical and overall cataracts in people with a lower BMI. Furthermore, the Salisbury Eye Evaluation project [22] observed a positive association between BMI and cortical cataracts, and an inverse association between BMI and nuclear cataracts. The Shihpai Eye Study [23] observed a U-shaped relationship between BMI and nuclear cataracts, and an inverse U-shaped relationship between BMI and cortical cataracts. In our present study, only the overall incidence could be estimated because of the use of selfreporting. However, to assess findings for the possible prevention of cataracts, the overall incidence, not sitespecific incidence, appears to be the most practical measure of evaluation in prospective population-based studies on cataracts [9, 10] .
High and low BMIs have been suggested previously as risk factors in age-related cataracts, for Caucasian populations in Western developed countries and for the populations in developing countries, respectively; Western developed countries tend to have a much higher prevalence of obese people than Japan and developing countries have a much higher prevalence of lean individuals than Japan. In contrast to those studies, the present large-cohort study showed a U-shaped association between BMI and the incidence of age-related cataracts in Japanese men and women within the range of body mass usually observed.
